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ZENER-ZAP MEMORY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of co-pending Interna 
tional Application No. PCT/SE2004/00l557 ?led Oct. 27, 
2004, Which designates the United States, and claims priority 
to Swedish application number SE0302862-8 ?led Oct. 30, 
2003. 

TECHNICAL FIELD 

The present invention relates to an integrated circuit for 
permanently electrically programming information in said 
integrated circuit. More speci?cally the present invention 
relates to an integrated bi-polar circuit for permanently pro 
gramming information in said integrated circuit When said 
integrated circuit comprises components incapable of sus 
taining the voltage necessary for electrically programming 
said information. 

BACKGROUND 

One Way to permanently and electrically program bi-polar 
integrated circuits is to use so-called Zener-Zap of NPN 
transistors. The NPN-transistor can be programmed by forc 
ing such a strong current through the transistor so that alu 
minium from the interconnect pattern migrates into the 
silicon and forms a short-circuit betWeen the base and the 
emitter. 

The NPN-transistor canbe used as a logical one or a logical 
Zero When it is Zapped, depending on the connected logic. 
Thus, a sequence of initially non-Zapped NPN-transistors can 
be used to represent a sequence of binary numbers, represent 
ing a digital number. This sequence may then be altered, by 
Zapping selected binary numbers in the sequence, to change 
the digital number represented by said sequence of NPN 
transistors. 

As an example, the operating point for a poWer transistor 
may initially be set to a predetermined value in an integrated 
circuit. After testing and tuning it is possible that the operat 
ing point should be changed slightly to achieve better perfor 
mance. If the predetermined value for the operating point is 
set in the integrated circuit using NPN-transistors this value 
may be changed later, after tuning, by Zapping carefully 
selected NPN-transistors. 

It is possible to connect the NPN-transistor in tWo different 
Ways to produce a Zener diode, namely With the collector 
connected either to the base or to the emitter. The collector 
base connection requires less voltage to Zap the Zener diode 
but the consumed current is considerably larger. If used as a 
memory function the collector-emitter connection is prefer 
able since less current is consumed. If larger memories should 
be programmed the current requirements could otherWise be 
excessive. This alternative has, hoWever, the draW-back that a 
larger voltage is required. 

For circuits involving many components small dimensions 
are required. These components, having small dimensions, 
are less tolerant to high voltages. That is, they cannot sustain 
high voltage Without being damaged. It Would be preferable 
to be able to program many NPN-transistors simultaneously 
also in circuits involving many, and thus small, components, 
Which are incapable of sustaining high voltages. 
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2 
SUMMARY 

It is a main object of the present invention to provide such 
an apparatus and a method that at least alleviates the above 
problems. 

It is in this respect a particular object of the invention to 
provide such an arrangement that enables programming of an 
NPN-transistor in circuits comprising components With loW 
voltage tolerances, Without the penalty of excess current con 
sumption. 

These objects among others are, according to a ?rst aspect 
of the present invention, attained by an integrated circuit for 
electrically permanently program information in said inte 
grated circuit by driving a current through a Zener diode. The 
integrated circuit comprises a ?rst current feeding circuit 
having an output, a feeding point connectable to a supply 
voltage, and a control input for controlling the programming 
of said Zener diode. 
The integrated circuit also comprises at least a second 

current feeding circuit having an output connected via a resis 
tor to said Zener diode, a feeding point connected to said 
output of said ?rst current feeding circuit, and a control input 
for controlling the programming of said Zener diode. 

Finally the integrated circuit comprises a ?rst voltage level 
controller provided to split the voltage needed to program 
said Zener diode over said ?rst and at least a second current 
feeding circuit. 
By this arrangement a process for manufacturing inte 

grated circuits can be used also for producing circuits With the 
capability to permanently electrically program information 
using Zapping of a Zener-connected NPN-transistor, When 
the circuit comprises components Which are unable to sustain 
the voltage levels needed for said Zapping. Thereby smaller 
components can be used in said circuit, Which in turn means 
that many more components may be ?tted in one integrated 
circuit alloWing more complex circuits to be produced, Which 
includes programming of information using Zener-Zapping 
of Zener connected NPN-transistors. 

According to a preferred embodiment the ?rst voltage level 
controller is connected betWeen the output of said at least 
second current feeding circuit and the control input of said 
?rst current feeding circuit. 

According to another preferred embodiment a second volt 
age level controller is provided to control the voltage over said 
resistor to thereby set the current through said resistor and 
said Zener diode. 

According to another preferred embodiment the second 
voltage level controller is connected betWeen said Zener 
diode and said control input to said second current feeding 
circuit. 

According to another preferred embodiment the ?rst volt 
age level controller is provided to prevent the voltage level 
over each of said ?rst and at least second current feeding 
circuits to reach unsustainable levels. 

According to another preferred embodiment the ?rst volt 
age level controller is a second Zener diode. 

According to another preferred embodiment each of said 
current feeding circuits comprises: a ?rst and second transis 
tor having collectors connected to said feeding point, the base 
of said ?rst transistor is connected to said control input and 
via a ?rst resistor to the emitter of said ?rst transistor, the base 
of said second transistor is connected to the emitter of said 
?rst transistor and via a second resistor to the emitter of said 
second transistor, and said emitter of said second transistor is 
connected to said output of said current feeding circuit. 
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According to another preferred embodiment the Zener 
diode is an NPN-transistor having the collector connected to 
the emitter. 

Alternatively, the NPN-transistor may have the collector 
unconnected. In this case it Would be more correct to call the 
NPN-transistor a diode rather than a transistor. 

According to another preferred embodiment the integrated 
circuit comprises components that are unable to sustain the 
voltage levels required for Zapping said Zener diode. 

Further characteristics of the invention and advantages 
thereof Will be evident from the folloWing detailed descrip 
tion of embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention Will become more fully understood 
from the detailed description of embodiments of the present 
invention given herein beloW and the accompanying FIGS. 1 
to 3, Which are given by Way of illustration only, and thus are 
not limitative of the present invention. 

FIG. 1 is a schematic circuit diagram of a preferred 
embodiment according to the invention. 

FIG. 2 is a schematic circuit diagram of an arrangement for 
determining if a Zener diode has been Zapped. 

FIG. 3 is a schematic circuit diagram of an arrangement for 
providing control currents to the circuit in FIG. 1. 

DETAILED DESCRIPTION 

In the folloWing description, for purposes of explanation 
and not limitation, speci?c details are set forth, such as par 
ticular techniques and applications in order to provide a thor 
ough understanding of the present invention. HoWever, it Will 
be apparent to one skilled in the art that the present invention 
may be practiced in other embodiments that depart from these 
speci?c details. In other instances, detailed descriptions of 
Well-knoWn methods and apparatuses are omitted so as not to 
obscure the description of the present invention With unnec 
essary details. 

FIG. 1 is a schematic circuit diagram of a preferred 
embodiment according to the invention. A ?rst current gen 
erator 101 comprises a control input 102, a feeding input 103 
and an output 104. The output 104 of the ?rst current genera 
tor 101 is connected to a feeding input 105 of a second current 
generator 106 also comprising a control input 107 and an 
output 108. The ?rst and second current generators are struc 
turally similar comprising tWo transistors and tWo resistors. 

The ?rst current generator comprises a ?rst transistor T1 
having a collector connected to said feeding input 103 and a 
base connected to said control input 102. The emitter of said 
?rst transistor T1 is connected to the base of a second tran 
sistor T2, and the base of said ?rst transistor T1 is connected 
to the emitter of said ?rst transistor T1 via a ?rst resistor R1. 
Similarly, the base of said second transistor T2 is connected to 
the emitter of said second transistor T2 via a second resistor 
R2, the collector of said second transistor T2 is connected to 
said feeding input 103 and the emitter of said second transis 
tor is connected to said output 104. 
As stated earlier, the second current generator 106 is simi 

lar to the ?rst current generator 101 and thus comprises a third 
and a fourth transistor T3 and T4, respectively, having col 
lectors connected to the feeding input 105 for said second 
current generator 106, Which also is the output for said ?rst 
current generator 101. The base of each of said third and 
fourth transistors T3 and T4, respectively, are connected to 
respective emitters via third and fourth resistors R3 and R4, 
respectively. Finally, the emitter of the third transistor T3 is 
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4 
connected to the base of the fourth transistor T4, and the 
emitter of said fourth transistor constitutes the output 108 
from said second current generator. The base of the transistor 
T3 is connected to the control input 107. 
The second current generator is connected to a ?fth resistor 

R5, Which in turn is connected to a NPN-transistor TZ, Which 
is implementing the Zener diode to be Zapped. BetWeen the 
NPN-transistor T2 and the control input 107 for the second 
current generator are three diodes, D1, D2 and D3, respec 
tively, connected. Furthermore, betWeen the output 108 of the 
second current generator 106 and the control input 102 of the 
?rst current generator 101 is a second Zener diode Z1 con 
nected. 
The operation of the circuit is as folloWs. A ?rst current I1 

is fed to the control input 102 of the ?rst current generator 101 
and a second current I2 is fed to the control input 107 of the 
second current generator 106. If both of the ?rst and second 
current is off, transistors T1 to T4 are not conducting and the 
circuit is thus turned off. If the currents I1 and I2 are on and if 
the feeding voltage is high enough, the transistors T1 to T4 are 
conducting, and the circuit starts operating. When the voltage 
over the NPN-transistor TZ, Which is connected as a Zener 
diode, reaches the Zener breakdown level, around 6-7 volt, a 
current starts ?oWing through the circuit. 
The ?fth resistor R5 and the three diodes D1 to D3 limit the 

current through the circuit. The three diodes D1 to D3 are 
provided to place the base of the transistor T3 three diode 
voltage drops above the loWer side of the resistor R5, While 
the higher side of the resistor R5 is tWo diode voltage drops 
beloW the base of the transistor T3, namely the voltage drops 
over the base-emitter of transistors T3 and T4. Thus, one 
diode voltage drop is remaining over the resistor R5 and this 
voltage and the resistance of the resistor R5 determine the 
current. The current is suitable selected to be high enough to 
Zap the transistor T2. 

Consequently, the current ?oWing through the NPN-tran 
sistor T2 is too large for the Zener voltage. The voltage over 
the NPN-transistor TZ increases rapidly at the same time as 
the voltage over the circuit decreases. At this time the break 
through, in the NPN-transistor TZ takes place. The NPN 
transistor is thus short-circuited, the voltage over the former 
NPN-transistor TZ approaches Zero volt and all voltage is put 
over the described circuit. The current is kept at the same 
value by the transistor R5 so that the total consumed current 
is not excessive, even if many transistors are Zapped at the 
same time. 

The Zener diode Z1 is provided so that the voltage over the 
second current generator 106, that is, the transistors T3 and 
T4, respectively, is not to high. The diode Z1 is connected 
betWeen the emitter of the transistor T4 and the base of T1. 
The collector of T4 is tWo base-emitter voltage drops beloW 
the base of T1. Thus, the maximum voltage over T4 Will be the 
voltage over the diode Z1 minus tWo diode voltage drops, 
namely T1 and T2. The maximum voltage over T3 Will be the 
voltage over the diode Z1 minus three diode voltage drops, 
namely T1, T2 and T4. By suitably selecting the diode Z1, 
that is the voltage drop over Z1, a maximum, sustainable 
voltage level canbe secured over the second current generator 
106, that is T4 and T3. When this voltage level is reached, the 
voltage Will instead continue to increase over the ?rst current 
generator 101, that is, T1 and T2, since the current I1 partly 
Will ?oW through Z1. 

FIG. 2 is a schematic circuit diagram of an arrangement for 
sensing if an NPN-transistor has been Zapped or not. A ?rst 
and a second transistor T1 and T2 has respective collectors 
connected to ground. The base of Ti is connected to the 
collector of T1, Which also is connected to a resistor R1. The 
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base of T2 is connected to the collector of T2 and the emitter 
of T2 is connected to a second resistor R2. The ?rst resistor 
R1 has a resistance of approximately tWice the resistance of 
the second resistor R2. A third transistor T3 has a collector 
connected to the NPN-transistor (not shoWn). The base of T3 
is connected to the emitter of T3 and further to the emitter of 
T2. 

The ?rst resistor R1 is further connected to a fourth tran 
sistor T4, and the second resistor R2 is connected to a ?fth 
transistor T5. The base of transistors T4 and T5 is connected 
to a control input 201 and the collectors are connected to a 
current mirror T6, comprising tWo transistors T6' and T6", for 
drawing current. The collector of T4 is further connected to an 
output 202. 

To operate the circuit the control input 201 is raised to 
approximately 2 volts. If the Zener-connected NPN-transistor 
(not shoWn) has been Zapped the output Will be high and if the 
transistor has not been Zapped the output Will be loW. 

FIG. 3 is a schematic circuit diagram of an arrangement for 
providing the control currents in the circuit in FIG. 1. The 
circuits to the right side in FIG. 3 are the circuits described in 
connection With FIG. 1 and Will not be further dealt With here. 

Transistors T8 and T9 provide a current mirror as the 
transistors T11 and T12 also do, for providing the control 
currents l1 and 12. The transistors T10, T13 and T14 provide 
protection for the high voltage levels. A loW feeding input 3 01 
provides driving voltage to the circuit. The input 301 is a loW 
voltage input, approximately 8 volt, compared to the feeding 
input 103, Which is a high-level voltage input, approximately 
30 to 40 volt. An input 302 supplies a current during Zapping 
of the NPN-transistor. TWo logic inputs, 303 and 304, provide 
control of the circuit. If the input 303 is high in relation to the 
input 304, the current from the input 302 Will ?oW, through a 
transistor T15, to the loW voltage input 301. If the opposite is 
true, that is, if the input 304 is high compared to the input 303 
the current ?oWs through a transistor T16 to the tWo current 
mirrors constituted by T8, T9 and T11, T12, respectively, and 
Zapping of the NPN-transistor is performed. 

It Will be obvious that the invention may be varied in a 
plurality of Ways. Such variations are not to be regarded as a 
departure from the scope of the invention. All such modi?ca 
tions as Would be obvious to one skilled in the art are intended 
to be included Within the scope of the appended claims. 
What is claimed is: 
1. An integrated circuit for electrically permanently pro 

gram information in said integrated circuit by driving a cur 
rent through a Zener diode, comprising: 

a ?rst current feeding circuit comprising an output, a feed 
ing point connectable to a feeding voltage, and a control 
input for control of the programming of said Zener 
diode, 

at least a second current feeding circuit comprising an 
output connected via a resistor to said Zener diode, a 
feeding point connected to said output of said ?rst cur 
rent feeding circuit, and a control input for control of the 
programming of said Zener diode, and 

a ?rst voltage level controller provided to split the voltage 
needed to program said Zener diode over said ?rst and at 
least second current feeding circuit. 

2. An integrated circuit according to claim 1, Wherein said 
?rst voltage level controller is connected betWeen the output 
of said at least second current feeding circuit and the control 
input of said ?rst current feeding circuit. 

3. An integrated circuit according to claim 1, Wherein a 
second voltage level controller is provided to control the 
voltage over said resistor to thereby set the current through 
said resistor and said Zener diode. 
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6 
4. An integrated circuit according to claim 3, Wherein said 

second voltage level controller is connected betWeen said 
Zener diode and said control input of said second current 
feeding circuit. 

5. An integrated circuit according to claim 2, Wherein said 
?rst voltage level controller is provided to prevent the voltage 
level over each of said ?rst and at least second current feeding 
circuits to reach unsustainable levels. 

6. An integrated circuit according to claim 1, Wherein said 
?rst voltage level controller is a second Zener diode. 

7. An integrated circuit according to claim 1, Wherein each 
of said current feeding circuits comprises: 

a ?rst and second transistor having collectors connected to 
said feeding point, 

the base of said ?rst transistor is connected to said control 
input and via a ?rst resistor to the emitter of said ?rst 
transistor, 

the base of said second transistor is connected to the emitter 
of said ?rst transistor and via a second resistor to the 
emitter of said second transistor, and 

said emitter of said second transistor is connected to said 
output of said current feeding circuit. 

8. An integrated circuit according to claim 1, Wherein said 
Zener diode is an NPN-transistor With the collector connected 
to the emitter. 

9. An integrated circuit according to claim 1, Wherein the 
integrated circuit comprises components that are unable to 
sustain the voltage levels required for Zapping said Zener 
diode. 

10. An integrated circuit for electrically permanently pro 
gram information in said integrated circuit by driving a cur 
rent through a Zener diode, comprising: 

a ?rst current feeding circuit comprising an output, a feed 
ing point connectable to a feeding voltage, and a control 
input for control of the programming of said Zener 
diode, 

at least a second current feeding circuit comprising an 
output connected via a resistor to said Zener diode, a 
feeding point connected to said output of said ?rst cur 
rent feeding circuit, and a control input for control of the 
programming of said Zener diode, 

a ?rst voltage level controller provided to split the voltage 
needed to program said Zener diode over said ?rst and at 
least second current feeding circuit, and 

a second voltage level controller to control the voltage over 
said resistor to thereby set the current through said resis 
tor and said Zener diode, Wherein said second voltage 
level controller is connected betWeen said Zener diode 
and said control input of said second current feeding 
circuit. 

11. An integrated circuit according to claim 10, Wherein 
said ?rst voltage level controller is provided to prevent the 
voltage level over each of said ?rst and at least second current 
feeding circuits to reach unsustainable levels. 

12. An integrated circuit according to claim 10, Wherein 
said ?rst voltage level controller is a second Zener diode. 

13. An integrated circuit according to claim 10, Wherein 
each of said current feeding circuits comprises: 

a ?rst and second transistor having collectors connected to 
said feeding point, 

the base of said ?rst transistor is connected to said control 
input and via a ?rst resistor to the emitter of said ?rst 
transistor, 

the base of said second transistor is connected to the emitter 
of said ?rst transistor and via a second resistor to the 
emitter of said second transistor, and 
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said emitter of said second transistor is connected to said 
output of said current feeding circuit. 

14. An integrated circuit according to claim 10, Wherein 
said Zener diode is an NPN-transistor With the collector con 
nected to the emitter. 

15. An integrated circuit according to claim 10, Wherein the 
integrated circuit comprises components that are unable to 
sustain the voltage levels required for Zapping said Zener 
diode. 

16. An integrated circuit for electrically permanently pro 
gram information in said integrated circuit by driving a cur 
rent through a Zener diode, comprising: 

a ?rst current feeding circuit comprising an output, a feed 
ing point connectable to a feeding voltage, and a control 
input for control of the programming of said Zener 
diode, 

at least a second current feeding circuit comprising an 
output connected via a resistor to said Zener diode, a 
feeding point connected to said output of said ?rst cur 
rent feeding circuit, and a control input for control of the 
programming of said Zener diode, and 
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a ?rst voltage level controller provided to split the voltage 

needed to program said Zener diode over said ?rst and at 
least second current feeding circuit, Wherein each of said 
current feeding circuits comprises: 

a ?rst and second transistor having collectors connected to 
said feeding point, 

the base of said ?rst transistor is connected to said control 
input and via a ?rst resistor to the emitter of said ?rst 
transistor, 

the base of said second transistor is connected to the emitter 
of said ?rst transistor and via a second resistor to the 
emitter of said second transistor, and 

said emitter of said second transistor is connected to said 
output of said current feeding circuit. 

17. An integrated circuit according to claim 16, Wherein 
said Zener diode is an NPN-transistor With the collector con 
nected to the emitter. 

18. An integrated circuit according to claim 1 6, Wherein the 
integrated circuit comprises components that are unable to 
sustain the voltage levels required for Zapping said Zener 
diode. 


